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I. Executive Summary

Coastal wetlands, like saltmarshes, mangroves, and tidal freshwater
wetlands serve a variety of ecosystem and economic services. They have
the capacity to be a major sink of greenhouse gases since they store
carbon in plant biomass, they are a source of great biodiversity and serve
as nurseries to a myriad of birds and other organisms. Wetlands also protect
our coasts and serve as natural water filtration systems. They are, however,
susceptible to human exploitation. They are threatened by agriculture,
drainage, commercial development, and climate change.

This unit has been aligned to NASA's mission to expand our knowledge and
scientific understanding of Earth as a system and its response to natural and
human-induced changes and to improve our ability to predict climate,
weather, and natural hazards. The lessons are infended to provide students
with background information on the importance of saltmarshes as an
ecosystem, emphasizing the ecosystem services they provide as well as the
economic. Literature review is incorporated in order to give students
firsthand experience reading, analyzing and presenting actual scientific
research. They will then use this research to supplement the CCRI work that
our team is conducting. This would then be the impetus to have students
create their own methods and protocols to design an experiment so that
they can conduct similar research at Alley Pond Saltmarsh. The rationale
behind this is so that students have a stake in the process and ownership of
the design. Bringing Dr. Peteet in to provide constructive criticism has many
benefits, including the opportunity for students to interact with a scientist
and also to be able to think at a higher level when challenged with higher
expectations. Incorporating a peer review session also feaches students
how to provide actionable feedback—traits that prepare them for a
leadership role, being college ready and are a reflection of NASA's system
engineering behaviors. Finally, the culmination of this unit in conducting
hands-on research in the field with impactful data via GLOBE entry is the
capstone lesson on the students’ adapted version of coring.
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Il. Infroduction Goals and Overview of Unit:

This unit is infended to infroduce students to the ecosystem and economic
services that wetlands provide. Saltmarshes are essential for coastal
protection, water filiration, biodiversity, carbon sequestration, and as
nursery habitats for many bird species and fisheries. It is also infended to
emphasize how fragile this and other ecosystems are and how human
impact has degraded these resources. Saltwater marshes are threatened
by upstream pollution and drainage for agriculture, human development,
salt extraction and tourism. Students will learn through saltmarsh exploration
at Alley Pond Park. They will then investigate human impact, and then
through actual in-field, hands on lab work. We will collect soil and water
samples at Alley Pond. We will take this even further by incorporating the
work done by Dr. Peteet and using those methods in the field, such as
coring at the saltmarsh, collecting loss on ignition data as well as collecting
foramnifera and macrofossil data to identify the change in flora in the area
as well as human impact. Students will conduct their own lab work, after
designing their own protocols, complete their research paper and present
their findings to their peers. They will then peer review each other’s work.
Students will have an opportunity to conduct a video conference interview
with Dr. Peteet and possibly other NASA scientists.

Students will understand NASA’s mission to expand our knowledge of Earth
as a system, along with its response to natural and human-induced
changes, and to improve our ability to predict climate, weather, and
natural hazards.
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lll. Teacher Biography

Carol Wang-Mondaca currently feaches AP Environmental
Science and Science Research at Martin Van Buren High
| School in Queens, NY. She did not start her career path in
' teaching, however. Carol was an Editor, Medicine for a
large scientific publishing company for many years. Then
one day, while riding the subway, she saw an ad that read
“Do you remember your third grade teacher’s name?e Who
will remember yours2” That sparked something in her that

. day and she proceeded to join the NYC Teaching Fellows.
While Teochmg was not her first career, her love for science and
investigation has been a constant throughout her life. Carol has been
teaching for 15 years, and her goals have always been constant- to inspire
our future generation to love and pursue science. She loves working with
underrepresented and underserved groups. She very recently was
awarded an Earthwatch Kindle Fellowship that allowed her and 7 other
NYC public school teachers to go to Little Cayman to study endangered
coral reefs. She saw firsthand the result of climate change on the
bleaching of coral reefs and the surge in algae that appeared. This trip
reignited her passion for research in the field and reinforced her urgency to
educate our future minds in climate change. In fact, in the spring of 2019,
she took 10 students on a research expedition to the Wrigley Marine
Science Center, University of Southern California to participate in studies
that look at how climate change has affected marine life along the
Catalina coast. By joining the CCRI team on Climate Change in the
Hudson Estuary, she is hoping to incorporate NASA resources throughout the
year in a new Science Research class that focuses on environmental
studies. She is hoping her students can conftribute to Dr. Peteet's work on
climate change in the Hudson Estuary.
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V. NASA Education Resources Utilized in Unit
a. Resource Title: Description: Web address

Lesson 1: Importance of wetlands-- background information
(a) NASA on Mangroves Video. NASA's Land Cover and Land
Use Change program, Simard and his team have
developed new remote sensing techniques to monitor the
health of mangrove ecosystems
https://www.youtube.com/watch?2time continue=24&v=R|STKItTUUXO
b) NASA on Saltmarshes. This study demonstrated the ability to
identify "hotspots" of early stages of marsh degradation
which can only be delineated by evaluating marsh
biophysical characteristics
Georgia Ecological Forecasting - NASA DEVELOP Summer
2013 @ University of Georgia
https://youtu.be/plIu2WiU-z8
c) Featured Phenomenon: Sea Level Change
NASA has been tracking global surface topography of the
ciea for more than 20 years. My NASA Data provides maps
and data onrising seas by the decade, sea levelrise, and a
segment on monitoring sea level change.
https://mynasadata.larc.nasa.gov/hydrosphere
d) Map of Life
https://mol.org/
e) Human impact on wetlands: Louisiana case study
(i) Climate change and sea level
https://mynasadata.larc.nasa.gov/hydrosphere
(i) Wings over Louisiana-- NASA observes land subsidence
https://www.youtube.com/watch2v=1JYVSWITHydw&1=243s

Lesson 2: Examining a wetland firsthand-Alley Pond Park field trip-- saltmarsh
(a)NatGeo video with Dr. Peteet.
https://www.youtube.com/watchev=N3P9wch5N3Y
(b) Following GLOBE protocols and uploading water testing
data to GLOBE database.
www.globe.gov

Lesson 3: Human impact on the wetlands: literature review

(a)The Vanishing Marshes of Jamaica Bay: Sea Level Rise or
Environmental Degradation?
https://www.qgiss.nasa.gov/research/briefs/hartig 01/
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(b)Sediment starvation destroys New York City marshes’
resistance to sea level rise
hitps://blogs.ei.columbia.edu/2018/09/24/urbanization-
starving-nyc-wetlands

(c) Uncertainty in United States coastal wetland greenhouse
gas inventorying
hitps://landsat.gsfc.nasa.gov/how-much-swamp-are-we-
talking-here-towards-better-mapping-of-coastal-wetlands/
https://iopscience.iop.org/article/10.1088/1748-
9326/aael157/pdf

(d)Impacts of sea level rise in the New York City metropolitan
area
https://www.diss.nasa.gov/research/briefs/rosenzweig 03/
https://pubs.qiss.nasa.gov/abs/go08000d.html

(e) Global Mangrove imaging with
Landsat
hitps://landsat.gsfc.nasa.gov/16367-2/
https://earthobservatory.nasa.gov/images/20309/below-
the-mangrove-canopy

Lesson 4: Why preserve Wetlands?

(a) About Dr. Dorothy Peteet
https://www.giss.nasa.gov/staff/dpeteet.html
Investigating Climate Effect on Vegetation and Carbon in
Coastal Alaska
hitps://www.giss.nasa.gov/research/briefs/peteet 04/
An ecosystem feels the human touch
https://www.qiss.nasa.gov/research/features/201402 peteet/
Can Global Climate Change Abruptly?
hitps://www.giss.nasa.gov/research/briefs/peteet 01/

b) Video interview with Dr. Peteet

Lesson 5: Coring at Alley Pond Saltmarsh
(a) The vanishing marshes at Jamaica Bay
hitps://www.giss.nasa.gov/research/briefs/hartig 01/
hitps://earthengine.google.com/case_studies/
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(b)Tools of the trade: a peek inside the bog-coring lab of
Dorothy Peteet
hitps://blogs.ei.columbia.edu/2018/12/19/tools-bog-coring-

peteet/
(c) More in-depth water testing with GLOBE

b. Data visualization & analysis activity

Students will perform water quality sampling as well as soil
sampling in lesson 2 at Alley Pond Park. They will learn and
implement GLOBE protocols and upload their data to GLOBE. In
Lesson 5, culminating in the students capstone project, students
will be coring and using various depths of the core, determining
loss of ignition and foramnifera and macrofossil composition. They
will then relate this data collection to determine human impact on
the saltmarsh ecosystem. The capstone project will highlight their
data collection, analysis and presentation skills. The students must
be able to not only present their data but speak to it so that their
peers, who have little background knowledge of their research,
will be able to understand their findings and significance.

Via globe.gov, students will contribute to the global research data
when they upload their data collection, following GLOBE
protocols.

c. NASA Mission Alignment

According to NASA’s Mission Directorates and Center Alignment,
specifically regarding the Earth Science division, its mission is to
advance our scientific understanding of Earth as a system and its
response to natural and human-induced changes and to improve
our ability to predict climate, weather, and natural hazards. This
lesson plan unit clearly is aligned to this aspect of NASA'S mission
as we investigate wetland ecosystems and how fragile they are in
response to climate change. Our hands-on fieldwork to
determine loss on ignitionmacrofossil and foranifera profiles of the
local saltmarsh at Alley Pond will help us understand how changes
have occurred and how the flora have responded.

d. NASA 2018 Strategic Objective Alignment
hitps://www.nasa.gov/sites/default/files/atoms/files/nasa 2018 sir
ategic_plan.pdf

This unit plan is aligned with NASA's strategic goal 3—to address
national challenges and catalyze economic growth. NASA
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gathers climate change data and engages and inspires young
people to become scientists through this project. Attracting
students to enter STEM fields is vitally important and is a
component of its strategic goals. Therefore, strategic objective
3.3 sets to inspire, engage and educate and employ the next
generation of explorer through NASA-unique STEM learning
opportunities. By using NASA resources and drawing on the
research of Dr. Peteet, this unit plan would fulfill this objective. This
strategic objective includes proactive efforts to diversify the STEM
pipeline to NASA internships and employment and increase the
number of underrepresented and underserved groups in the STEM
fields, including girls in STEM and minority groups.
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VI. Research Opportunity Title and Abstract

Coastal Long Island Sound Wetlands: A History of Carbon Storage and
Anthropogenic Disturbance Over the Past 800 Years

John Supino+, Carol Wang-Mondaca:+, Grant Pace:+, Syed Ismail:+, Dorothy M. Peteet:

'CUNY—The City College of New York, 160 Convent Avenue, New York, NY, 10031
:Martin Van Buren High School, 230-17 Hillside Avenue, Queens Village, NY, 11427
*Columbia University, 70 Morningside Drive, New York, NY, 10027
‘NASA Goddard Institute for Space Studies, New York, NY, 10025
sLamont-Doherty Earth Observatory, 61 Route 9W, Palisades, NY, 10964

Long Island Sound marshes are critical coastal habitats which provide a multitude of

ecosystem services, including coastal protection, carbon sequestration, and nursery grounds
for many important species. This study examined five sites in three Connecticut watersheds

(the Housatonic River, the Quinnipiac River, and the Connecticut River) through loss-on-
ignition (LOI), stable isotope ratios, and x-ray fluorescence (XRF) analyses. Inorganic
sediments declined, except in cases of human disturbance, and nitrogen percent increased
toward the present. Carbon isotope shifts reflect complex changes in plant composition
over the past 800 years. Lead and copper increased due to industrialization and then
declined after 1974 with the phasing out of leaded gasoline. The results suggest increased
erosion of marshes within Long Island Sound, and increased fertilization and heavy metal
pollution due to agricultural runoff and human disturbance close by the marsh sites. The
study’s findings reemphasize the importance of wetlands in carbon storage and their
vulnerability to climate change from increasingly dense populations.
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VIl. Unit Pre-and Post-Standards Based Assessment:

The Wetlands: Pre- and Post-Assessment

The pre and post assessment are based on the Next Generation Science
Standards (NGSS) for high school students. The target group for the lesson
plans are the Science Research classes, which aims to cultivate students’
abilities and knowledge not only in biology and earth science, but also their
math, problem solving, and critical thinking skills. The purpose of the pre-
assessment is to gauge students’ prior knowledge on the subject, especially
since the class is comprised of students across all grade levels (9-12). The
assessment covers not only content knowledge, but also lab skills since this is
a hands-on research unit. The questions are all open-ended so as to give
the teacher a better understanding of where the student stands in
understanding. This will indicate to the teacher if additional time is required
to review background information and review other skills. After teaching
the unit, including the capstone, the goal is then that the students will take
the same assessment as a post-assessment. This will indicate to the teacher
if fopics need to be revisited and if stfudents have understood the lessons.
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The Wetlands: Baseline assessment (and post-assessment)
Directions: Answer the following questions to the best of your ability.

1. What are wetlands? (5)

2. What are three economic and/or ecological services that wetlands
provide?¢ (3 pts each)

3. How have humans impacted wetlands and what are the results?
Describe at least 3. (3 pts each)

4. Where can you find saltmarshes in the United States?e (5)

5. Whatis a sediment core? (5)

6. Sketch a graph that best illustrates how lead levels have changed
since humans have settled in the Northeaste Explain your answer.
(7)

7. On the same graph, do the same for carbon levels and nitrogen
levels. Explain your answers. (7)

8. What is eutrophication? (5)

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)
Matthew Pearce | Education Program Specialist |GSFC Office of STEM Engagement (160)

12



National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

9. Whatis run offe (5)

10.Why would nitrogen levels increase as human population increases in
an area? (8)

11.What is soil organic matter? (5)

12.When conducting an experiment, what is the first step the scientist
must take? (5)

13. How do we record our data? (5) How can we organize our data for
analysise (5)

14.List 5 things that we are not allowed to do in the lab. (2 points each)

15.When testing water, what are some characteristics we might want to
test fore (Name 3). (5 points)

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI) 13
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The Wetlands: Baseline assessment (and post-assessment): ANSWERS
A grade of 58-64 is approaching grade level. A grade of 65-79 is
considered at grade level. A grade of at least an 80 is considered mastery.

Directions: Answer the following questions to the best of your ability.

1.

What are wetlands? (5 pfts)

Wetlands are areas where water covers the soil, or is present either at or
near the surface of the soil all year or for varying periods of time during the
year

What are three economic and/or ecological services that wetlands
provide? (3 pts each)

Wetlands provide habitats for thousands of species of aquatic and
terrestrial plants and animals. Wetlands are valuable for flood protection,
acting as a buffering system, water quality improvement by filtering the
water, shoreline erosion control. Wetlands provide economic services such
as natural products, recreation, and aesthetics for humans.

Wetlands are among the most productive habitats on earth providing
shelter and nursery areas for commercially and recreationally important
animals like fish and shellfish, as well as wintering grounds for migrating birds.
Coastal marshes are particularly valuable for preventing loss of life and
property by moderating extreme floods and buffering the land from storms;
they also form natural reservoirs and help maintain desirable water quality

How have humans impacted wetlands and what are the resultse
Describe at least 3. (3 each)

Saltmarsh habitats have been damaged by humans from agricultural
draining, oil spills, run off, and pollution. Salt marshes in urban watersheds
may receive enormous volumes of stormwater runoff, which can lead to
increased erosion, sedimentation, altered salinity levels, and changes in soll
saturation levels

As a result, there is a decrease in biodiversity and ecological services that
the saltmarshes can provide. Climate change and sea level rise have also
threatened saltmarshes. By building road through saltmarshes, we are also
cutting off the water supply from the ocean. Additionally, the introduction
of invasive species could potentially alter the native populations of plants
and animals.
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4. Where can you find saltmarshes in the United States?e (5 pts)
In the US, saltmarshes can be found on every coast. Approximately half the
nation’s saltmarshes are found along the Gulf Coast. We have one in Alley
Pond Park!

5. Whatis a sediment core? (5 pfts)
A vertical sequence that captures the stratigraphic layers of a sediment
with depth while preserving the depositional sequence.

6. Sketch a graph that best illustrates how lead levels have changed
since humans have settled in the Northeaste Explain your answer. (7
pts)

A graph indicating an increase in lead levels from the time of human
settlement. A drop of lead in recent years would demonstrate an
advanced understanding of using unleaded fuel.

7. On the same graph, do the same for carbon levels and nitrogen
levels. Explain your answers. (7 pts)
A graph indicating an increase in carbon and nitrogen levels from the time
of human settlement. The carbon would be a result of manufacturing,
release of carbon from storage, and the increase in nitrogen would
indicate an increase in fertilizer and run off.

8. What is eutrophicatione What results from anthropogenic
eutrophicatione (5 pfts)
Eutrophication results from and increased load of nutrients to coastal waters
and estuaries. This causes harmful algal blooms and low oxygen waters that
can kill fish and seagrass and reduced essential fish habitats. The increased
load in nutrients (phosphorous and nitrogen) usually comes from agriculture.

9. Whatis agricultural run offg (5 pts)

Farmers apply nutrients on their fields in the form of chemical fertilizers and
animal manure, which provide crops with the nifrogen and phosphorus
necessary to grow and produce the food we eat. However, when nitrogen
and phosphorus are not fully utilized by the growing plants, they can be lost
from the farm fields. This excess nitrogen and phosphorus can be washed
from farm fields and into waterways during rain events and when snow
melts, and can also leach through the soil and into groundwater over time.

10.Why would nitrogen levels increase as human population increases in
an area? (8 pts)

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI) 15
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Nitrogen is found in waste and is also used in agriculture. Therefore, as
human population increases, the levels of nitrogen would increase with
increased farming to sustain the population and as a result of sewage.

11.What is soil organic mattere (5 pts)
Soil organic matter is the fraction of soil that consists of plant or animal
tissues in various stages of decomposition.

12.When conducting an experiment, what is the first step the scientist
must take? (5 pts)
A scientist must first pose a question.

13. How do we record our data? How can we organize our data for
analysise (5 pts)
Data is recorded in tables and graphs help us visualize the data for analysis.

14.List 5 things that we are not allowed to do in the lab. (2 pts each)
We are not allowed to eat, drink, chew gum, wear open toed shoes, wear
shorts or short skirts, leave long hair undone, go without a lab coat, leave
unlabeled bottles/flasks/beakers/containers laying around, taste or drink
any chemicals and reagents.

15.When testing water quality, what are some characteristics we might
want to test fore (Name 3) (5 pts)
When testing for water quality, we can test for pH, clarity, salinity,
temperature.
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VIIl. Lesson 1: Why are wetlands essential in their ecosystem and
economic services?
a. Summary and Goals of Lesson
This lesson will infroduce students to wetlands, including how
they are defined and the different types of wetlands that exist.
Students will begin to have an understanding of the ecosystem
and economic services that wetlands provide.

Students will understand the impact humans have had on the
wetland ecosystems. We will use Louisiana as a case study,
using NASA's observation of land subsidence information.
Students will also use Google Earth Engine case studies to
observe the results of climate change on sea level rise and the
subsequent impact on marshes and mangroves.

b. Table of Contents for lesson

i. Summary of Goals of LessoN.......cccvvvviiiiiiiiiiienn. 18
i. Table of Contents for Lesson.......c.covviiviiiiiiiiiiinn. 18
ii. 5elessonPlanTemplate......ccoovviiiiiiiiiiiiiiiiiii, 18
iv. Content Template (NASA)......coiiiiiiiiiiiee, 21
v. Supporting Documents ......coviiiiiiiiii 23

Lesson Title: Why are wetlands essential in the ecosystem and economic
services they provide?

Grade Level: 111h and 12" graders

Duration: 2 days

What the Teacher Does What the Students Do Duration

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI) 18
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Engage: Show students pictures Have students define 15 mins
pique student | f Alley Pond Park. what they think
interest and get Exolain that this i Hand
them personally | 2XPIdin that thisis a- wetlands are.
involved inthe | wetland, right in their
lesson, while own backyards.
pre-assessing
prior ) Using the illustrations,
understanding. . . -
elicit characteristics of
wetlands that students
can then use to define
what wetlands are.
Explore: Present the different Students watch the 30
The purpose for | +yhes of wetlands. NASA videos on minutes
the EXPLORE .
. Explain the Mangroves and
stage is to get . .
students commonalities among | Saltmarshes (within PPT),
involved inthe | them as well as their jotting down the
topic; providing | differences. specific characteristics,
themwitha comparing and
chance fo build confrasting them both
their own 9
understanding.
Explain: Allow students to Students explain how 30
Provide assemble in groups to weftlands have very
students with an . -
opportunity fo discuss Thg . distinct ecosys’rem
communicate | characteristics of features qnd services
what they have | wetland ecosystems. and explain the
learned sofar | They are also instructed | economic services they
and figure out | +5 discuss possible ways | provide as well.
what if in which these features | Students also explain
means. EXPLAIN : P
make them susceptible | how humans have
to human exploitation impacted the
and how humans might | environment and the
have impacted these consequences resulting
ecosystems from such impact.
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Elaborate / Explain to students that | What can be done to 30
Extend: when we study alleviate the human
Allow students e g .
to use their new we’rl.ono.ls, it |s'd|ff|cu|’r to | impact on ecosystems?
knowledge and | @void discussing human
continue to impact simultaneously. HANDOUT: Why are
explore its Students remain in wetlands essentials and
implications. groups for further what economic/
discussion. What ecosystem services do
characteristics of they provide?
wetlands make them
susceptible to
exploitation?
Emphasize biodiversity
and species richness HW- using the map of
life website, students
select three wetlands
species and map out
their species richness
and level of
endangerment. (activity
guide available)
Evaluate: Provide exit slip to Outline the services that | 15

Both students
and teachers to
determine how
much learning
and
understanding
has taken
place.

determine if students
can outline the major
economic and
ecosystem services that
wetlands provide.

wetlands can provide.
As an extension,
determine how we can
test the health of the
ecosystem.

HW: My NASA data
Hydrosphere and sea
level maps and data
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c. Content template:

NGSS Standard:

HS-LS2-6 Evaluate claims, evidence, and reasoning that the complex interactions in
ecosystems maintain relatively consistent numbers and types of organisms in stable
conditions, but changing conditions may result in a new ecosystem.

HS-ESS3: Create a computational simulation to illustrate the relationships among the
management of natural resources, the sustainability of human populations, and

biodiversity

HS-LS2-7 Design, evaluate, and refine a solution for reducing the impacts of human

activities on the environment and biodiversity.

Common Core Standard: RST.11.12; HSS.IC.A.2

Cite specific textual evidence to support analysis of science and
technical texts, attending to important distinctions the author
makes and to any gaps or inconsistencies in the account.

NASA Science:
Earth Science

Content Area: Environmental
Science
Grade Level:11 & 12 grade

Name of Project-Based Activity or Theme: Understanding economic and
ecosystem services of wetlands.

Estimated Time Frame to
Complete(days/weeks): 2 days

Overall Investigation Question(s): How can we investigate the importance of wetlands in their economic and ecosystem services?

Overall Project Description/Activity: View NASA video clips on Saltmarshes and Mangroves. Students will understand the economic and ecosystem services that wetlands provide as well the

biodiversity exhibited in these ecosystems

Materials Needed to Complete
Project (put N/A as needed).

Stakeholders:

Hyperlinks Used:
NASA on Mangroves

https://www.youtube.com/watch?time_continue=24&v=RjSTKItUUX0

NASA on Saltrﬁarshes
https://youtu.be/pLIu2WiU-z8

Multimedia/Technology:

Classroom Equipment:

Descriptions, illustrations of local Students, teacher, Smartboard, computer smartboard
saltmarsh flora & fauna, map to administrator

navigate through Alley Pond

background research

NASA System Engineering Category (must have one Activities Student Outcomes Evaluation

Behaviors
(2 behaviors per category)

Technical Acumen)

How will student model engineering
behaviors when learning science content?

How will you assess learning for
each behavior

Describe specific science
content students understand as
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Describe student activities here.

aresult of engineering behavior.

Communications Students outline the ecosystem services that Students are able to outline the
. . saltmarshes and mangroves provide, based ecosystem services that
Listens effectively and translates . . . .
. . on the video clips Works cooperatively with team mates saltmarshes and mangroves
information . .
provide, based on the video
clips
. . Communications Students work in groups to compare and Works cooperatively with team mates Students are able to work in
Communicates effectively through .
. . contrast the various types of wetlands. groups to compare and contrast
personal interaction .
the various types of wetlands.
Leadership Students work in groups and exhibit shared | Works cooperatively with team mates Students are able to work in
Builds Team Cohesion responsibility groups to compare and contrast
the various types of wetlands.
Leadership Students work in groups and exhibit shared | Works cooperatively with team mates Students are able to work in

Appreciates/Recognizes Others

responsibility

groups to adjust their answers
and ask each other questions

Remain inquisitive and curious

Attitudes & Attributes

Students ask questions.

Student asks “why” questions

Students are able to develop a
list of reason as to why
characteristics of wetlands
make them susceptible to
exploitation

Seeks information and uses the art
of questioning

Attitudes & Attributes

Students ask questions.

Utilizes the resources given and also uses
internet searches to help each other

Students ask how humans can
decrease their footprint on
wetlands

Remains open minded and objective

Systems Thinking

Students brainstorm why characteristics of
wetlands make the, susceptible to
exploitation and harm.

Is willing to adjust answers and
identifications as new information rises

Students can brainstorm ideas
as to how we can minimize our
impact

Keeps the focus on mission
requirements

Systems Thinking

Students aim to complete the task on hand of
listing characteristics of wetlands and
comparing the different types of wetlands

Stays on task

Students ask how humans can
decrease their footprint on
wetlands

Technical Acumen Students are willing to revisit their answers Is willing to adjust answers Students ask how humans can
Learns from success and failures to expand on them decrease their footprint on
wetlands
List and attach all supportive Attachments? List Attached Documents(if any):
documents for instructional (circle)
activities Yes or No
List and attach all rubrics for Attachments? List Attached Rubrics (if any):
activity and assessment evaluation (circle)
Yes or No

Include comments or questions here:
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d. Supporting Documents:

- Why are wetlands
essentiale

What are wetlands?

+ Wetlands are places where land is
permanently or seasonally
saturated with water, forming a
distinct ecosystem that is both
aquatic and land-based.

ough wetlands may exist
erever water collects, they
often border rivers and lakes,
creating spongy coastlines astir
with fish, birds, and the drone of
mosquitoes and dragonflies.

NASA Earthdata, Where the Wetlands Are, 2016
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Why are wetlands important?

% Coastal wetlands, lie salt marshes, mangroves,
G 1idas freshwater welonds, have e copacity = Coastal Wetiands (Fiorido)
1o be a major sink of %reenhouse gosses since iney
' Dromass, and can bury it long-

+# They can akso emit greenhouse gasses. Becaus:
decay OCCU(S in anoxic conditions, they can eml
me)

erode and are lost to open water, carbon
accumuvc'ed in the soil over centuries to millennia
retums rapidly to the atmosphere.

iocetai benetts

Provide biodiversity

Types of Wetlands

NASA on Saltmarshes

din Georgio,

Saltmarshes Mangroves

ot and nute

= Amangrove is 6 woody free or
shrub that lives along sheltered
coastiines within the tropic or
subtropic latitudes.

= Salt marshes are coostal wetiands
that are flooded and drained by salt
water brought in by the tides

m oficent ond non

Bapermont of Nomol Rosou

Wings Over Louisiana: NASA Observes Southern Subsidence h Industrial threats to wetlands

= Amajor threat s the draining of wetlands for commercial
development, including tourism faciities, or agricultural land.
= Poor use of freshwater fo feed these developments poses a further
threat. The amount of water being faken from nature's underground
/ aquieris far outstripping its abilty fo replenish itself.
= The result is that as the water level drops. miions of frees and plants
are dying because they ore deprived of their life-sustaining supplies.

Human Impact on Wetlands Agriculture as a threat to wetlands

Conversion of wetlands for commerciol development

Droinage schemes

Bitroction of rinerds.ond pedt = Hundreds of thousands of hectares of
e Eed wetlands have been drained
Overfishing for
Tourism
/ Sitation ; = Globaly. agriculture accounts for 65%
/ of the fotal water withdrawal on Earth
Pesticide discharges from intensive agriculture
Toxic pollutants from industriol waste
. = Agriculture and ofher industries such
Comstruction o dams ond dkes,offen n on aftemp ot flood A il
FRRINSHon. wasteful and inef